C-reactive protein (CRP) was measured by ELISA in the sera of 165 healthy blood donors and 125 normal children 1 to 14 years old. The serum levels of blood donors ranged from 0.05 to 57.6 mg/l with median and mean values of 1.8 mg/l and 4.86 mg/l, respectively. CRP levels ranged from 0.02 to 14.4 mg/l in the children's sera, the median being 0.45 mg/l and the mean 1.65 mg/l. No individual lacking CRP was detected. The high CRP levels observed in the present study suggest that the population of the State of São Paulo may usually be exposed to subacute infections and/or inflammation without presenting clinical symptoms. 
Introduction
In recent years, both clinical and basic research interests have focused on a more narrowly defined "acute phase response" which results in changes in the concentration of a number of plasma proteins as a consequence of the reorchestration of the pattern of plasma protein synthesis in hepatocytes. These proteins are referred to as the "acute phase proteins" (1) .
C-reactive protein (CRP), the best-studied major acute phase protein in humans, was initially described in 1930 by Tillet and Francis Jr. (2) as the serum factor responsible for the precipitation of acute phase sera with the C-substance (C-polysaccharide, CPS) of pneumococcal cell walls. CRP was purified in 1941 by MacLeod and Avery (3), who developed a rabbit anti-CRP antibody, and crystallized by McCarty in 1947 (4) . The complete amino acid sequence of human CRP was established by Oliveira et al. (5) and has no homology to immunoglobulins. CRP is a 120,000-140,000 molecular weight pentameric protein comprising five identical, noncovalently bound subunits arranged in cyclic symmetry on a single plane (6) (7) (8) . Although CRP is structurally distinct from the immunoglobulins, it shares with them the ability to initiate several biological functions including precipitation (2), opsonization (9), capsular swelling (10) and agglutination (11) . Two major biological activities of CRP have been well defined: first, it is able to bind several biological substrates that are distributed widely in nature (12) . Second, it has significant activation capabilities, in particular to activate the complement system (13) and to bind to and modulate the function of phagocytic leukocytes (14, 15) . These effects support the concept that this serum protein may have a potentially central role in host defense mechanisms. The major source of plasma CRP is the liver (16) . Interleukin-6 plays a critical role in CRP induction (17) .
Many early researchers were not able to detect "acute phase" protein in normal human sera using precipitation with CPS (2), capillary immunoprecipitation (18), complement fixation (19) , latex agglutination (20) or agarose gel electrophoresis (21) . Using double-diffusion in gel which has a sensitivity of approximately 500 µg/l, Nilsson (22) found traces of CRP in sera from 50-75% of blood donors, and Saxstad et al. (23) were able to detect it in 17 of 98 apparently healthy infants. Later, Kindmark (24) reported the presence of CRP in sera from healthy blood donors using a radioelectro-immunoprecipitation assay which detected as little as 10 µg/ l. Thus, earlier reports of the absence of this protein in sera from healthy individuals probably resulted from the limited sensitivity of the assay methods employed.
CRP levels can be quantitated precisely and rapidly by several techniques, including nephelometry (25) , radioimmunoassay (26) and enzyme-immunosorbent assay (ELISA) (27, 28) . As the use of quantitative methods to determine serum CRP levels has increased in recent years, a number of reports have described their use in helping solve specific diagnostic problems. Since quantitative CRP data are limited to relatively few specific disease states, the present study was undertaken to determine CRP concentration in the sera of healthy individuals in São Paulo.
Material and Methods
The CRP level of normal individuals was determined by assaying 125 blood samples from children (aged 1 to 14 years) from São João da Boa Vista, São Paulo, Brazil. Peripheral blood was collected just before the first vaccination with a Cuban serogroup BC vaccine performed in 1989. Sera from 165 clinically healthy blood donors were obtained from a local blood bank. None of the participants had clinical symptoms of disease. Personal consent was obtained. These serum samples were kindly provided by Dr. Amadeu Saez Alquezar, "Pró-Sangue" Foundation Blood Bank, and by Dr. Lucimar G. Milagres, Adolfo Lutz Institute, São Paulo Health Service. Sera were stored at -20 o C for 9 months prior to testing. CRP concentrations were determined by ELISA with a sensitivity of 0.9 µg CRP/l (28) . Briefly, 100 µl of serum samples serially diluted in 10 mM phosphate buffered saline, pH 7.2, containing 0.05% Tween-20 (PBS-T) and 1% bovine serum albumin, was added to polystyrene microtiter plate wells (Corning, New York) coated with capture antibody (rabbit anti-human CRP, Sigma Chemical Co., St. Louis, MO) and incubated for 2 h at 37 o C. The sample diluent was used as a negative control. After washing the plates four times with PBS-T, 100 µl of peroxidase-conjugated rabbit IgG anti-human CRP (Sigma) was added to the wells at a 1:1000 dilution as determined by checkerboard titration. After an incubation period of 1 h at 37 o C the plates were washed and developed with o-phenylenediamine in phosphate citrate buffer. Absorbance was measured with a spectrophotometer (Titertek Multiskan, MCC Flow Labs Inc., Finland) at 492 nm. The serum titer was considered to be the reciprocal of the endpoint dilution corresponding to an absorbance value 2.1 times the mean absorbance of negative controls.
CRP concentrations obtained for children and adult groups were compared by the Mann-Whitney U-test and correlation coefficients were determined by the Spearman rank test as decribed by Zar (29) . The level of significance was set at P<0.05.
Results
A summary and the distribution of CRP levels in serum samples from healthy children and adults of São Paulo State, Brazil, are shown in Table 1 and Figure 1 , respectively. The range of CRP concentration was very wide in each group. Most of these sera (80.8% of children and 60% of adults) had a CRP concentration below the detection limit of the radial immunodiffusion assay (2 mg/l) as indicated by the vertical line in Figure 1 . CRP was detected in all sera analyzed. A weak negative correlation (r = -0.300; P = 0.001) was observed between CRP concentration and age in the group consisting of children. The Mann-Whitney U-test revealed a significant difference (P≤0.00) in CRP concentration between children and adults.
Discussion
The determination of CRP in serum may be more generally useful than the erythrocyte sedimentation rate in current clinical practice, since this test permits the precise and direct quantitation of a single acute phase protein. The availability of this quantitation has underscored our relative lack of information about the clinical significance of different levels of CRP in man. Increased levels of this protein are detectable as early as 4 h following tissue injury; peaks are attained within 24 to 72 h (30) and its concentration declines equally rapidly with recovery.
It is evident that a wide range of elevated serum CRP levels above those found in apparently healthy individuals may be observed in disease, and that their interpretation requires quantitative assessment. Increased levels of serum CRP have been found in virtually all diseases associated with active inflammation or tissue destruction, such as rheumatoid diseases, acute infectious processes, postmyocardial infarction or surgery, advanced and widespread malignancy, and chronic infections (10, 18, 31) . Thus, elevated CRP levels serve as a nonspecific indicator for the presence of one of these processes, rather than as an indicator of a specific pathology. CRP levels have been used clinically to gauge the presence and extent of inflammation, as well as to evaluate the effectiveness of anti-inflammatory therapy, mainly in rheumatoid diseases (18) . The major finding in this area was the strong association between marked increases in serum CRP concentrations (over 100 mg/l) and severe bacterial infections (32) .
The normal CRP levels for adults have not been precisely defined, since relatively minor events during the course of daily living, such as the stubbing of one's toe or vigorous physical exercise, may induce minor elevations of CRP (1). According to Hokama and Nakamura (33) , serum CRP levels appear to progressively increase with age. We did not find a progressive increase in CRP levels in sera of children aged 1 to 14 years, but the data obtained revealed that the CRP concentration in the sera from blood donors that represent selectively healthy adults was significantly higher than that observed in healthy schoolchildren. The dramatic difference in serum CRP levels found in the São Paulo State community as compared to those found in Sweden by Kindmark (24) reflects the need for a local pattern of normal values. This author found mean values of 0.17 mg/l and 0.47 mg/l for Swedish children and adults, respectively, while our results showed values of 1.65 mg/l for children and 4.86 mg/l for adults. His upper two sigma limits of the normal range were 2.2 mg/l for children and 4.9 mg/l for adults whereas in our study these values were 7.03 and 21.30 mg/l, respectively. Thus, while most of our serum samples had CRP levels of 3.6 mg/l or less (78.18% adults and 92% children), levels up to 14.4 mg/l (minor or "nonsignificant" elevations) may be found occasionally in our apparently healthy individuals. The upper limit may also be calculated by excluding 2.5% of the samples (from 3 children and 4 adults) with the highest CRP concentrations. This would give an upper limit of about 7.2 mg/l for children and 28.8 mg/l for adults, values not far from the results obtained by the conventional method defined as the mean plus 2 x SD (29). Although an attempt was made to use sera exclusively from healthy individuals, it is possible that the higher CRP levels observed in our population were from individuals with a subacute infection and/or inflammation without presenting clinical symptoms. Even when rigorous standards were observed for vaccine application and the patient was in good clinical condition the possibility of small muscle injuries (for instance, application of intramuscular injections) or the presence of some intestinal parasites cannot be excluded. No information was obtained in this respect at the time of blood withdrawal. Kuvibidila et al. (34) reported that the range of CRP levels for non-pregnant female Zaireans were within published ranges for healthy adults. On the other hand, Samba et al. (35) reported that the CRP levels of healthy Congolese children were twice as high as those considered normal by Engler's criteria (36) . In conclusion, each laboratory should establish its own reference range for each age group where possible, since differences occur depending on the population studied.
